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(57) ABSTRACT

A method for operating a power supply unit for an electrical
system of a motor vehicle, the power supply unit having an
electric generator having a stator having a stator winding and
a rotor having a rotor winding, as well as a field current
controller assigned to the rotor winding for selecting the
setpoint of the current flowing through the rotor winding; the
electric generator being set into rotation without a current
being specified by the rotor winding, thereby generating a
starting voltage; at least one component of the power supply
unit or of the vehicle electrical system being energized by the
starting voltage.
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BY A ROTOR WINDING, THE ELECTRIC GENERATOR HAVING A STATOR
HAVING A STATOR WINDING AND A ROTOR HAVING THE ROTOR
‘WINDING. 301

SELECTING, VIA A FIELD CURRENT CONTROLLER ASSIGNED TO THE
ROTOR WINDING, A SETPOINT OF A CURRENT FLOWING THROUGH
THE ROTOR WINDING.
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ENERGIZING, BY THE STARTING VOLTAGE, AT LEAST ONE
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ELECTRICAL SYSTEM, 303
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GENERATING A STARTING VOLTAGE BY SETTING THE ELECTRIC
GENERATOR INTO ROTATION WITHOUT A CURRENT BEING SPECIFIED
BY A ROTOR WINDING, THE ELECTRIC GENERATOR HAVING A STATOR
HAVING A STATOR WINDING AND A ROTOR HAVING THE ROTOR
WINDING. 301

SELECTING, VIA A FIELD CURRENT CONTROLLER ASSIGNED TO THE
ROTOR WINDING, A SETPOINT OF A CURRENT FLOWING THROUGH
THE ROTOR WINDING.

302
ENERGIZING, BY THE STARTING VOLTAGE, AT LEAST ONE
COMPONENT OF THE POWER SUPPLY UNIT OR OF THE VEHICLE
ELECTRICAL SYSTEM. 303

CONNECTING THE POWER SUPPLY UNIT, WHICH IS INITIALLY
DISCONNECTED FROM THE VEHICLE ELECTRICAL SYSTEM, TO THE
VEHICLE ELECTRICAL SYSTEM WHEN THE STARTING VOLTAGE
EXCEEDS A LOWER THRESHOLD VALUE. 304
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1
METHOD FOR OPERATING A POWER
SUPPLY UNIT FOR AN ELECTRICAL
SYSTEM OF A MOTOR VEHICLE

FIELD OF THE INVENTION

The present invention relates to a method for operating a
power supply unit for an electrical system of a motor vehicle,
as well as to a processing unit for implementing the same.

BACKGROUND INFORMATION

In power supply units for an electrical system of a motor
vehicle, claw-pole generators having electrical excitation can
be used as electric generators (“dynamo;” normally an alter-
nating-current generator; however, the use of direct-current
generators is also known). In this case, a torque driving the
generator is applied by the internal combustion engine via a
mechanical coupling (for example, a belt). The current propa-
gating through the rotor winding is used as a manipulated
variable for regulating the on-board voltage and is specified
by an assigned field current controller. The control prevents
greatly fluctuating voltage values, for example, that could
potentially damage the downstream electrical system, from
being supplied by the generator in response to widely varying
engine speeds. Normally, a controllable electronic switch (for
example, a MOSFET) and a corresponding logic circuit select
the setpoint for the current that propagates through the rotor
winding.

Rectifier circuits can be used to obtain the DC voltage
required for the vehicle electrical system from the polyphase
AC voltage of the generator. Bridge rectifiers including
diodes or switchable rectifier elements (for example, MOS-
FETs) controlled by a logic circuit can be used in this case.

One or a plurality of capacitors in the intermediate circuit
(DC link capacitors) can be used for smoothing the voltage
ripple created by the rectifiers. These capacitors are dimen-
sioned to be sufficiently large in order to achieve a DC voltage
that is as free as possible of ripple voltage, even under high
energy system loads.

During operation, the vehicle electrical system is electri-
cally powered by the power supply unit. Components of the
power supply unit itself, such as the rotor winding, the men-
tioned logic circuits (for example, the field current controller,
the rectifier logic), for example, the mentioned switches or the
DC link capacitors that are electrically powered, are also
considered within the context of the present invention to be
vehicle electrical system components that are to be energized.

If the generator is not in operation, the vehicle electrical
system is powered by a vehicle battery. During initial start-up
of'the power supply unit, the rotor winding, the logic circuits,
the electronic switches, the DC link capacitors, etc., are fed by
the vehicle battery. Problematic here, in particular, is the
feeding of the DC link capacitors, for the following reasons.

Since leakage currents across the DC link capacitors are to
be avoided upon standstill of the generator, they are typically
isolated from the vehicle electrical system in such a case.
Therefore, high enough currents occur briefly upon switching
of the DC link capacitors into the vehicle electrical system,
until the DC link capacitors are charged. These currents can
lead to damage to individual or to a plurality of components in
the vehicle electrical system. However, a suitable charge state
must be ensured for the DC link capacitors to enable the
power supply unit to be used.

Possible options for limiting the inrush current of the DC
link capacitors include the series connection of an ohmic or
inductive load, clocking of the voltage present at the DC link
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capacitors, the series connection of a current-regulating tran-
sistor, an adapted dimensioning of all components of the
vehicle electrical system, to prevent damage caused by the
high charging current, and/or using a DC voltage converter to
regulate the charging current and the charging voltage.

In practice, however, the possible options for operating
such power supply units prove to be somewhat complicated,
expensive and/or ineffective. Therefore, there continues to be
a need for improvements.

SUMMARY OF THE INVENTION

The present invention provides a method for operating a
power supply unit for a vehicle electrical system, as well as a
processing unit for implementing the same as defined by the
features of the descriptions herein. Advantageous embodi-
ments constitute the subject matter of the corresponding fur-
ther descriptions herein, as well as of the following descrip-
tion.

The present invention makes use of a magnetic remanence
of the rotor (in particular of the winding core) to generate a
starting voltage without external excitation (i.e., without cur-
rent propagating through the rotor winding) and to power
components in the vehicle electrical system. The starting
voltage is particularly suited for charging DC link capacitors,
for feeding the rotor winding, the field current controller,
logic circuits and electronic switches, in order to thereby
transfer the power supply unit to normal operation. In par-
ticular, this renders possible an emergency operation, for
example, when the vehicle battery is discharged. The level of
the starting voltage is regulated, in particular, as a function of
the speed selection.

This approach is, in fact, similarly known from shunt-
wound machines. However, the generators used in motor
vehicles are not shunt-wound machines, so that the use of
remanence is not necessarily self-evident here.

The power supply unit may have a direct-current generator
or an alternating-current generator having a downstream rec-
tifier. However, due to the growing demand for electrical
power in the vehicle, efforts to reduce fuel consumption and
to lower emissions, as well as the desire to be able to combine
the advantages of an electromotor with those of an internal
combustion engine, electrical machines having a dual func-
tion, what are generally referred to as starter generators, are
also being increasingly used. Power supply units having these
types of electrical machines also benefit from the measures
provided in accordance with the present invention.

Power supply units having generators, where the rotor is
equipped with a winding and additional permanent magnets,
what are generally referred to as auxiliary magnets, may be
operated in accordance with the present invention. Auxiliary
magnets are used for increasing the electrical power output of
a generator. They automatically lead to a remanence of the
rotor.

By utilizing the magnetic remanence, the present invention
makes it possible for an autonomous energy source to be
provided in a vehicle that may function independently of
other energy sources. By adjusting a sufficient speed, such an
autonomous energy source may be used for supplying the
power electronics, for example, a generator or rectifier, or for
precharging the capacitors in the network of the power supply
unit. Thus, a number of advantages are derived in accordance
with the present invention:

The operating voltage for the logic section of the power
electronics of a power supply unit, in particular for the
rectifier, may be provided in accordance with the present
invention without a further energy source.
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The capacitors of a power supply unit (for example, DC
link capacitors), or in the downstream load network (for
example, in the electrical steering) may be precharged in
accordance with the present invention without further
power sources.

Other peripheral devices within and connected in outgoing
circuit from the power supply unit (for example, parts of
the power electronics or consumers in the network of the
power supply unit) may be powered by the energy pro-
duced in accordance with the present invention.

The need is eliminated for additional voltage sources for
powering components of the power supply unit.

Even in the event of failure of the power sources mentioned
in the related art, the power supply unit according to the
present invention is still available under the condition of
a sufficient speed.

Special advantages are derived in systems having a DC link
capacitor, as previously explained. Such a DC link capacitor
may be precharged, particularly upon starting of a corre-
sponding motor and the associated generator, even without
using other power sources. Therefore, there is no need for a
DC link capacitor to remain connected to the vehicle battery
to ensure a suitable charge state, making it possible to prevent
potentially occurring leakage currents that could cause the
battery to discharge.

The DC link capacitor may be precharged during motor
run-up and, only then, when a charge state is sufficient, be
connected to the downstream vehicle electrical system. This
prevents high inrush currents. In particular, this makes super-
fluous the precharging of such a DC link capacitor via a DC
voltage converter, as previously explained. The probability of
vehicle failure is hereby reduced. The measures provided in
accordance with the present invention make it possible to
economize on additional components, such as resistors, tran-
sistors and/or coils, for charging a DC link capacitor, thereby
leading to a cost saving. The precharging by way of the
starting voltage produced in accordance with the present
invention may also be carried out in parallel and/or in addition
to previously known options for limiting charging current,
thereby ensuring an enhanced fault tolerance due to redun-
dancy effects. Thus, the present invention makes it possible to
avoid high currents upon connecting of a vehicle electrical
system to a power supply unit and, thus, damage to compo-
nents in the vehicle electrical system caused by high charging
currents.

The elucidated method steps may be performed during a
selective control of transistors upon use of an active rectifi-
cation, whereby a boost mode may be realized. This makes it
possible, by using the described principle, to allow the volt-
age to increase even more rapidly than in the case of a passive
rectification. This is especially advantageous for the pre-
charging of a DC link capacitor.

A processing unit according to the present invention, for
example, a corresponding control unit of a motor vehicle, is
adapted, in particular in terms of software engineering, for
implementing a method according to the present invention.

A software implementation of the method is also advanta-
geous since this entails especially low costs, particularly
when a control unit to be realized is also used for other tasks
and, for that reason, is already present. Suitable data media
for providing the computer program include, in particular,
diskettes, hard drives, flash memories, EEPROMs, CD
ROMs, DVDs, inter alia. A program may also be downloaded
over computer networks (Internet, intranet, etc.).

Other advantages and embodiments of the present inven-
tion are derived from the description and the appended draw-
ing.
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It is understood that the aforementioned features and those
which are still to be explained in the following may be used
not only in the particular stated combination, but also in other
combinations or alone, without departing from the scope of
the present invention.

The present invention is schematically illustrated in the
drawing with reference to an exemplary embodiment and is
described in detail in the following with reference to the
drawings.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 shows a vehicle electrical system having a power
supply unit that may be configured and/or operated in accor-
dance with a specific embodiment of the present invention.

FIG. 2 shows a vehicle electrical system having a power
supply unit that may be configured and/or operated in accor-
dance with another specific embodiment of the present inven-
tion.

FIG. 3 shows the method 300 for operating a power supply
unit for an electrical system of a motor vehicle, the power
supply unit including an electric generator. The method 300
includes operations/tasks 301, 302, 303, and 304.

DETAILED DESCRIPTION

FIG. 1 shows a vehicle electrical system of a motor vehicle
having a power supply unit 100 that may be configured and/or
operated in accordance with a specific embodiment of the
present invention. Power supply unit 100 includes an electri-
cal machine 10, an externally excited synchronous generator
being assumed in the following, for example. The electrical
machine is operated via an internal combustion engine 9 and,
to this end, is coupled via a corresponding coupling arrange-
ment, for example, a mechanical coupling 8 in the form of a
belt drive, to internal combustion engine 9. Electrical
machine 10 is electrically connected to a rectifier 6, a plurality
of phase connections 7 being provided in correspondence
with the number of phases provided by electrical machine 10.
On the DC voltage side, a rotor winding 1 is connected via a
field current controller 2 to electrical machine 10. Field cur-
rent controller 2 is responsible for controlling rotor winding 1
and for a potentially existing active rectification in rectifier 6.
Via a switching element 4, an energy accumulator 3, for
example, the vehicle battery, may be connected to the DC
voltage side of rectifier 6 and disconnected therefrom. At least
one consumer 5 is integrated on the DC voltage side of rec-
tifier 6. In the same way, consumers are provided that are
disconnectable from and connectable to the power supply unit
via switching element 4.

A processing unit 12, which is adapted in terms of software
engineering for implementing the present invention, is pro-
vided in the vehicle electrical system. In particular, it controls
field current controllers 2, switches 4, rectifiers 6, etc., in
accordance with the present invention. As illustrated in FIG.
1, the processing unit may be supplied by energy accumula-
tors 3; equally, however, also via another energy accumulator
provided in the system (for example, having a voltage condi-
tion that deviates from that of energy accumulator 3).

The present invention starts out from a situation where the
rotor winding is not energized, for example, when electrical
machine 10 is at a standstill. In this case, switching element 4
is initially open, so that the power supply unit is disconnected
from the vehicle electrical system. Nevertheless, the rotor, in
particular the armature thereof, has a magnetic remanence
that already suffices for generating a starting voltage during
start-up of the generator, without a current being specified by
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the rotor winding. The starting voltage, in turn, may be uti-
lized quite advantageously for transferring the power supply
unit itself to normal operation, in that rectifier 6 is initially
powered by the starting voltage, for example. There is no need
to use voltages from the vehicle electrical system for supply-
ing power; where indicated, corresponding components may
be dimensioned to be smaller or altogether economized. The
level of the starting voltage may be influenced by the speed.
The magnetic flux density may be increased by additionally
providing the rotor of electrical machine 10 with ferromag-
netic materials, and the speed required for a specific electric
voltage thereby reduced.

It a specific voltage level (for example, 12 V) is reached on
the DC voltage side of rectifier 6, next, for example, field
current controller 2 (and thus rotor winding 1) may be pow-
ered. From this point in time on, power supply unit 100 is in
normal operation, and existing further electronic consumers 5
may be powered in the vehicle electrical system. At this point,
switching element 4 may also be closed to connect power
supply unit 100 to the remainder of the vehicle electrical
system.

If an initial state is assumed, in which a partial excitation of
rotor winding 1 is present, the function is comparable to those
previously described. However, the induced voltage in the
phases of the stator is greater at the beginning of the obser-
vation due to the superposition of the mentioned effects (re-
manence in the rotor, as well as excitation present in the rotor
winding). Therefore, a desired voltage level may be reached
more quickly.

FIG. 2 shows a vehicle electrical system having a power
supply unit 200 that may be configured and/or operated in
accordance with a specific embodiment of the present inven-
tion. The precharging of a DC link capacitor 11 is described,
in particular, with reference to FIG. 2.

The elements essentially correspond to those of previously
described FIG. 1; field current controller 2 being described
separately from rectifier 6 in the present case, however.

If there is a complete de-excitation of rotor winding 1, an
initially still low voltage is induced across the phases of the
stator by the remanence of the rotor and is output via phase
conductors 7. Via a corresponding rectifier circuit 6 (to the
extent possible, for example, passively across diodes, actively
across transistor, or a combination thereof), a starting voltage
is generated across DC link capacitor(s) 11, resulting in a
charging current of DC link capacitor 11 that is dependent on
the magnitude of the voltage. In addition, the starting voltage
may also be used for energizing field current controller 2 and
rotor winding 1. On the other hand, at the same speed, the
resulting excitation current increases the induced voltage
across the phases of the stator, and the starting voltage, which,
in turn, leads to a higher excitation current, etc. Finally, if the
starting voltage across the DC link capacitor corresponds to a
desired voltage level, for example, to the nominal voltage or
the charging voltage of energy accumulator 3, switching ele-
ment 4 may be closed without undesirably high currents
flowing across switching element 4. The voltage across DC
link capacitor 11 may be adjusted to the desired level through
a speed setpoint selection, by field current controller 2 regu-
lating the excitation current, and/or by the switching elements
in rectifier 6 being controlled accordingly (in particular, by
way of the boost mode explained above).

If rotor winding 1 is completely or partially excited, elec-
trical machine 10 may also be motor-driven by the feeding of
current to the stator, accordingly.
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What is claimed is:
1. A method for operating a power supply unit for an
electrical system of a motor vehicle, the power supply unit
including an electric generator, the method comprising:
generating a starting voltage by setting the electric genera-
tor into rotation without a current being specified by a
rotor winding, the electric generator having a stator hav-
ing a stator winding and a rotor having the rotor winding;

selecting, via a field current controller assigned to the rotor
winding, a setpoint ofa current flowing through the rotor
winding;

energizing, by the starting voltage, at least one component

of the power supply unit or of the vehicle electrical
system; and

connecting the power supply unit, which is initially dis-

connected from the vehicle electrical system, to the
vehicle electrical system when the starting voltage
exceeds a lower threshold value.

2. The method of claim 1, wherein the level of the starting
voltage is adjusted by at least one of setting a speed of the
electrical machine, appropriately controlling the rectifier, and
appropriately controlling the field current controller.

3. The method of claim 1, wherein as a component of the
power supply unit or of the vehicle electrical system, at least
one of the field current controller, the rotor winding, a recti-
fier, a power consumer, and at least one DC link capacitor is
supplied with starting voltage.

4. The method of claim 1, wherein the method is imple-
mented upon initial start-up of the power supply unit.

5. A computer readable medium having a computer pro-
gram, which is executable by a processor, comprising:

a program code arrangement having program code for

operating a power supply unit for an electrical system of

a motor vehicle, the power supply unit including an

electric generator, by performing the following:

generating a starting voltage by setting the electric gen-
erator into rotation without a current being specified
by a rotor winding, the electric generator having a
stator having a stator winding and a rotor having the
rotor winding;

selecting, via a field current controller assigned to the
rotor winding, a setpoint of a current flowing through
the rotor winding;

energizing, by the starting voltage, at least one compo-
nent of the power supply unit or of the vehicle elec-
trical system; and

connecting the power supply unit, which is initially dis-
connected from the vehicle electrical system, to the
vehicle electrical system when the starting voltage
exceeds a lower threshold value.

6. A processing unit, comprising:

aprocessing arrangement configured for operating a power

supply unit for an electrical system of a motor vehicle,

the power supply unit including an electric generator, by

performing the following:

generating a starting voltage by setting the electric gen-
erator into rotation without a current being specified
by a rotor winding, the electric generator having a
stator having a stator winding and a rotor having the
rotor winding;

selecting, via a field current controller assigned to the
rotor winding, a setpoint of a current flowing through
the rotor winding;

energizing, by the starting voltage, at least one compo-
nent of the power supply unit or of the vehicle elec-
trical system; and

connecting the power supply unit, which is initially dis-
connected from the vehicle electrical system, to the
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vehicle electrical system when the starting voltage
exceeds a lower threshold value.
7. A power supply unit for an electrical system of a motor
vehicle, comprising:
an electric generator including a stator having a stator
winding and a rotor having a rotor winding;

a field current controller assigned to the rotor winding for
selecting a setpoint of the current flowing through the
rotor winding; and

a processing unit configured for operating a power supply
unit for an electrical system of a motor vehicle, the
power supply unit including an electric generator, by
performing the following:

generating a starting voltage by setting the electric gen-
erator into rotation without a current being specified
by the rotor winding;

selecting, via the field current controller assigned to the

rotor winding, the setpoint of the current flowing
through the rotor winding;

15
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energizing, by the starting voltage, at least one compo-
nent of the power supply unit or of the vehicle elec-
trical system; and

connecting the power supply unit, which is initially dis-
connected from the vehicle electrical system, to the
vehicle electrical system when the starting voltage
exceeds a lower threshold value.

8. The power supply unit of claim 7, further comprising:

a rectifier having rectifier elements for rectifying phase

voltages generated by the electric generator.

9. The power supply unit of claim 7, wherein the rotor
includes at least one permanent magnet.

10. The power supply unit of claim 7, further comprising:

a switching element to disconnect the power supply unit

from the remainder of the vehicle electrical system.

11. The power supply unit of claim 7, wherein the level of
the starting voltage is adjusted by at least one of setting a
speed of the electrical machine, appropriately controlling the
rectifier, and appropriately controlling the field current con-
troller.



